The risk of a woman developing breast cancer at some stage in her life is approximately 10 %. This makes breast cancer the most common malignant growth in women and the most common cause of death for women between the ages of 35 and 55. In Germany, 55 000 women develop breast cancer every year and 20 000 die of it. The individual prognosis for patients with breast cancer depends on the extent of micrometastasis and spread of disease at the time of diagnosis and therapy [1] [2] [3] [4] [5] [6] [7] . Both the European Guidelines and the S3 Guidelines state that at least 70 % of all malignant breast lesions (BI-RADS™ 5) should be histologically verified preoperativelythe target figure is 90 % [8] [9] [10] [11] . The thinking behind this is that only a single surgical intervention will be necessary after a detailed preoperative workup of a lesion diagnosed as a malignant process. In addition, all nonpalpable breast lesions need to be marked (e.g. placement of a guide wire) prior to surgery [8] [9] [10] [11] . Intraoperative radiography is the method of choice to assess the completeness of resection. Proposed approaches include transporting a resected specimen in a suitable container from the operating room to the radiology department for direct radiological examination [8] [9] [10] [11] or, better yet, carrying out digital radiography intraoperatively directly in the operating room (2 planes). The surgeon and the pathologist can then either view the digital radiographs on film (analog/digital) or, more efficiently, via PACS. In the literature, the re-excision rate for breast cancer after primary breast-conserving therapy (BCT) to treat breast cancer previously verified histologically (histologically B5 and therefore BI-RADS™ 6) is between 10 and 57%, depending on the defined safety margin [12, 13] . The aim of our prospective study was to evaluate whether the reexcision rate after histologically verified invasive breast cancer and subsequent breast-conserving therapy with wire localization could be reduced using CMOS technology (BioVision™; Bioptics, Tucson, AZ, USA), the Trident™ specimen radiography system (SRS) (Hologic, Bedford, MA, USA) and tomosynthesis (Siemens) compared to a conventional full field digital mammography system (Inspiration™, Siemens [standard]), using different magnifications.
Material and Methods

!
Between 12/2012 and 2/2013 a total of 50 patients were diagnosed with invasive breast cancer (BI-RADS™ 5) using complementary diagnostics (clinical examination, mammography, sonography, MRT). Patient age ranged between 21 and 84 years (mean: 62 years). Lesion sizes ranged from 4 to 17 mm (median: 13 mm), depending on the imaging method used. In accordance with the European Guidelines and the S3 Guidelines [8] [9] [10] [11] ultrasound-guided punch biopsy or stereotactic vacuum-assisted biopsy was done preoperatively in all patients with histological findings classified as B5, which were then diagnosed as BI-RADS™ 6. As none of the cases had multifocal or multicentric lesions and the maximum diameter was less than 2.0 cm, in accordance with the S3 Guidelines none of the patients underwent primary neoadjuvant chemotherapy [10, 11] . After histological classification of the lesion as B5 (diagnostic evaluation: BI-RADS™ 6), all patients had ultrasound-guided or stereotactic wire localization preoperatively, depending on the primary method used for histological verification of the findings [8] [9] [10] [11] . The lesions could be successfully localized at the first attempt in 46 patients, after the second attempt in 3 patients and after the third attempt in 1 patient. Breast-conserving therapy with sentinel lymph node biopsy (identified using patent blue and technetium-99m) was performed. This resected specimen was suture marked (for orientation, 3 planes). The specimen was examined radiologically without compression with the wire still left in place [14] On completion of the invasive procedure, all specimens were xrayed again without compression according to the capabilities of the different system systems, using the following magnifications: excision would not have been necessary in 2, 3 or 4 patients, respectively, compared to findings obtained with a standard magnification of 1.0 : 1.0. Conclusion: The sensitivity of the BioVision™, the Trident™ and tomosynthesis was significantly (p < 0.05) higher and the rate of re-excisions was reduced compared to FFDM using a conventional detector at a magnification of 2.0 but without zooming.
Vergrößerung von 1,0 : 2,0 bzw. [10, 11] was then correlated with the final comprehensive histological diagnosis. All of the radiologists knew that all specimen radiographs showed a malignancy.
Results
!
Of the 50 patients with histologically proven breast cancer (BI-RADS™ 6), 39 patients required no further surgical intervention (re-excision) after breast-conserving therapy, as confirmed directly by radiographs made (intraoperatively) during the primary surgical intervention (Inspiration™, 2 planes, magnification 1.0 : 1.0, System 1 [standard]). The final histopathologic diagnosis for 11 operated patients (reexcision) showed incomplete resection during primary surgery in 2 patients and a safety margin < 1.0 cm in 3 patients, i.e. no residual tumor detectable. This means that, based on the final his- Table 2 ).
The results for tomosynthesis (System 4) remained unchanged at 86.6 % (magnification 1.0 : 1.0); higher magnifications are not possible for technical reasons. A retrospective analysis (n = 11), i.e. of the re-excisions (twostage procedure), showed a significant increase (p < 0.05) of sensitivity for the BioVision™ and Trident™ systems and for tomosynthesis of 2.6, 3.3 and 3.6 %, respectively, compared to the In-spiration™, at a magnification of 1.0 : 2.0 and 1.0 : 1.0 respectively (tomosynthesis). Based on these findings, re-excision would not have been necessary in 2, 3 and 4 patients respectively, compared to the standard magnification of 1.0 : 1.0 (l " Table 3 ) (l " Figs. 1 to  3) .
Discussion
!
The effectiveness of breast-conserving therapy for the treatment of breast cancer [1] [2] [3] [4] [5] [6] [7] can be increased during surgery, i.e. intraoperatively, by the additional use specimen radiography [10] [11] . Intraoperative imaging should be done on 2 planes, where possible, in accordance with the European Guidelines and the S3 Guidelines [8] [9] [10] [11] . Radiography could be used to confirm the success of surgical resection intraoperatively. Direct imaging of the resected specimen in 2 planes would permit follow-up resection to be done immediately in cases of incomplete resection. The use of digital imaging plates in combination with conventional analog mammography systems represents a big step forward. These systems use CCD chips with their potential to transfer images to PACS, but the DQE (Detector Quantum Efficiency) is poorer compared to other full digital systems currently in use [14] [15] [16] [17] [18] [19] [20] [21] [22] . Over the past 10-15 years imaging systems used exclusively for specimen radiographs have been developed which can be used in different locations (operating room, radiology department, pathology department). Innovations in this field have included the move from conventional systems via the use of imaging plates and full digital systems [14] [15] [16] [17] [18] [19] [20] [21] [22] to CMOS technology [23] and tomosynthesis [24] . With the recent use of digital breast tomosynthesis (DBT) [25] [26] [27] [28] [29] [30] [31] [32] to complement digital mammography specimen radiography can now be done intraoperatively. In the literature, it was noted that the increase in sensitivity and specificity obtained with tomosynthesis [28] used in addition to digital mammography could reduce recall rates [27, 29] , also in breast cancer screening of women [32] . In the system we used, specimens were examined radiologically using 25 projections and an angular range of 50 degrees. Three radiologists assessed the specimen radiographs obtained with the BioVision™ (CMOS technology, 2 planes, System 2), the Trident™ (SRS technology, 2 planes, System 3) using different magnifications (up to 1.0 : 2.0) and tomosynthesis (1 plane, magnification 1.0 : 1.0, both projection images and cine mode images, System 4). Specimen radiographs obtained using the Inspira-tion™ (2 planes, System 1) were defined as the standard; based on this standard re-excision was done in 11 of 50 patients with histologically proven breast cancer (BI-RADS™ 6) and primary breast-conserving therapy (l " Table 1 ). The BioVision (System 2) and Trident™ (System 3) systems are digital systems used exclusively for specimen radiography. The final histopathological diagnosis of 11 operated patients (reexcision, 2-step procedure) showed that the primary operation was incomplete in 2 patients. However, only 3 patients had safety margins of < 1.0 cm, i.e. with no residual tumor detectable. This means that, based on the final histopathological findings, re-excision was only justified in 5 patients. A retrospective analysis (n = 11) showed a significant increase (p < 0.05) in sensitivity for the BioVision™ and Trident™ systems and for tomosynthesis compared to the Inspiration™ at magnifications of 1.0 : 2.0 and 1.0 : 1.0 (tomosynthesis) respectively. Sensitivity increased by 2.6 %, 3.3 % and 3.6 % respectively, i.e. re-excision would not have been necessary in 2, 3 and 4 patients respectively compared to images obtained using the standard magnification 1.0 : 1.0 (l " Tables 2, 3) (l " Figs. 1 to 3) . This may be due to the particularly high resolution of the Bio-Vision™ (focus 0.05, resolution 50 µm pixel pitch, 12 lp/mm) and Trident™ (focus 0.05, resolution 70 µm pixel pitch, 7.1 lp/mm) systems, which were developed exclusively for specimen radiography, and to the principle behind tomosynthesis which allows the texture of breast parenchyma to be characterized very precisely in the mammogram (cc and obliq.) [30] as is also evidenced in the specimen radiographs: differentiation is far better (spicules and extent of DCIS compared to benign ductal parenchyma).
In our historical patient cohort and our current retrospective analysis, the re-excision rate after primary breast-conserving therapy (BCT) to treat previously histologically verified breast carcinoma (histological diagnosis: B5 and therefore BI-RADS™ 6) was 22 %; the rate in the literature is between 10 and 57%, depending on the definition of the safety margin [12, 13] . Our results thus correspond to, or exceed, those obtained using digital specimen radiography, even with the use of zooming [23, [33] [34] [35] [36] [37] . In conclusion, it should be noted that digital specimen radiography using a magnification of 1.0 : 2.0 and no zooming should be primarily done using systems developed exclusively for specimen radiography or tomosynthesis should be done [37] . Future developments which are expected to improve quality and reduce the rate of re-excisions include the use of 3-D technology in mammographies [38] and the potential use of volumetry based on tomosynthesis [31] . In future, specimen radiography in different planes could be done in the operating room and the images discussed immediately in consultation between the radiologist, surgeon, pathologist using PACS. If a tumorous lesion cannot be unambiguously differentiated from its surrounding tissue, further investigations in addition to ultrasound, for example tomosynthesis, are necessary. Images and findings are then recorded. This mode of procedure would improve the quality and workflows and simultaneously reduce operating timesto the benefit of the patients.
